All relevant data are within the manuscript in Appendices B through E, inclusive.

Introduction {#sec006}
============

"Imagine a world in which every single person has free access to the sum of all medical knowledge" \[[@pone.0228786.ref001]\]. This is what WikiProject Medicine, a community of editors who develop the health care content in Wikipedia, is doing and it hasn't gone unnoticed. Wikipedia is the most frequently accessed resource for health information: its English language medical content has received more unique pageviews than any other health information resource online \[[@pone.0228786.ref002]\]. Of course, any discussion of Wikipedia would be incomplete without acknowledgement of the stigma attached to it. It is common knowledge that there is a general wariness around using Wikipedia \[[@pone.0228786.ref003]\]. However, a paradigm-shifting study conducted by *Nature* found that Wikipedia and *Encyclopedia Britannica* were comparable in the number of errors found in a sample of entries from each resource \[[@pone.0228786.ref004]\]. This finding has not been challenged since its publication and was vital in the ongoing effort to de-stigmatize Wikipedia.

Further, an exploration of what might motivate editors to contribute to health-related articles on Wikipedia found that editing Wikipedia is influenced predominantly by an editor's inherent values--a belief that all knowledge should be free; and a sense of obligation that they have a duty to fix Wikipedia as health workers \[[@pone.0228786.ref005]\]. This single study offers unique insight into the motivations of those who voluntarily edit existing content, translate studies and reviews into plain language, or translate content to languages other than English. While the findings of this study are not generalizable, they imply that behind the pages of Wikipedia is a community of (mostly) altruistic editors motivated by a shared core value that information should be available and accessible to all communities.

Today Wikipedia is the 7^th^ most frequently accessed web site in the United States and 8^th^ in Canada \[[@pone.0228786.ref006],[@pone.0228786.ref007]\]. For perspective, English Wikipedia alone averages approximately 830 million unique visits per month globally \[[@pone.0228786.ref008]\]. Its content is regularly one of the top results in Google searches, with about 93% of clicks on Wikipedia directed from Google \[[@pone.0228786.ref009]\]. However, efforts to understand, in depth, Wikipedia's role in the landscape of health information resources are limited. While systematic reviews of the scholarly literature covering Wikipedia have been conducted \[[@pone.0228786.ref010],[@pone.0228786.ref011]\] a comprehensive literature review that focuses specifically on the treatment of Wikipedia in the academic health literature has not yet been reported. This scoping reviews asks:

1.  What does the existing body of literature say about Wikipedia as a health information resource? and,

2.  What publication trends exist, if any, among health-related articles about Wikipedia?

Methods {#sec007}
=======

Search strategy {#sec008}
---------------

A scoping review is a comprehensive and robust literature review that diverges from the systematic review in its aim to "summarize and disseminate \[existing\] research findings", "identify research gaps in the existing literature", and may not incorporate strict criteria, such as study design, as a requirement for inclusion in the review \[[@pone.0228786.ref012]\]. The literature search and retrieval process for a scoping review can be iterative in its execution and relies heavily on mapping concepts or themes within the body of literature. As a result, scoping reviews may place an emphasis on producing a highly sensitive search rather than a search with more balance between specificity and sensitivity, as is done in systematic literature reviews. To maximize the sensitivity of her literature search, the author developed and executed a search strategy ([S1 Appendix](#pone.0228786.s001){ref-type="supplementary-material"}) in June 2019 to retrieve any article where the term "Wikipedia" appears in either the title or the abstract of any article indexed in OVID Medline, OVID Embase, EBSCO CINAHL, and OVID AMED. As these three databases are clinically focused, it is likely that the term "Wikipedia" will be retrieved within a health context. The author also searched for the term "Wikipedia" in the titles or abstracts of all articles indexed in EBSCO Library and Information Science and Technology Abstracts (LISTA) and EBSCO Library Literature and Information Science Full Text (Wilson Web).

A literature search in Web of Science presented a special conundrum due to the limitations of its advanced search interface where it is not possible to perform keyword searches for terms appearing in the abstract. As a result, the author chose to conduct a sweeping search for the term "Wikipedia" in any Web of Science record, which she followed up with a manual screening of all results to remove irrelevant content. Content was considered irrelevant if the term Wikipedia did not appear in the title or abstract or if the title or abstract indicated the article was not health related.

The author's exclusion of search terms related to health and medicine was intentional. While one may be inclined to use health-related terms in the search strategy, the breadth of terms that would need to be included in order to capture all health-related concepts would be prohibitively time-consuming and prone to human error. In order to get a sense of how and in what health fields Wikipedia is discussed in the literature, the author decided an attempt to create an exhaustive search string to retrieve anything health-related posed too great a risk. Instead, the author elected to conduct a broad search and use exclusion criteria to manually eliminate irrelevant records not related to health and medicine. A protocol for this review was not published or registered.

Study selection {#sec009}
---------------

All records were exported to a free citation manager (Zotero) and imported into systematic review (SR) software (DistillerSR). Using the SR software, database records were screened first by title and abstract. A second round of review screened the full text of all records. Records were excluded if English Wikipedia was not a major or exclusive focus of the article; English Wikipedia was not discussed within the context of a health or medical topic; the article was not available in English (no funds were available to support translation for this review); or the article was a letter, commentary, editorial, or popular media article.

In some cases, a conference proceeding record and a published article record were retrieved for the same study. In these instances, the conference proceeding was excluded. Some articles that met the criteria requiring a discussion of Wikipedia's health or medical content were excluded because Wikipedia was not a major focus of the paper and the treatment of Wikipedia\'s health content was insufficient to merit inclusion.

8,030 records were retrieved in the literature search. After manually removing irrelevant studies from the Web of Science search results (n = 4,400) and removing duplicates (n = 1,417), the literature search retrieved 2,213 unique results ([Fig 1](#pone.0228786.g001){ref-type="fig"}) that were subsequently screened for relevance based on title and abstract content. 1,815 articles were excluded in the first round of screening. After a review of the full-text using the exclusion criteria outlined above an additional 309 articles were excluded. As a result, 89 articles and conference proceedings were selected for inclusion in this scoping review.

![PRISMA flow diagram of studies selected for inclusion.](pone.0228786.g001){#pone.0228786.g001}

Thematic analysis {#sec010}
-----------------

The objective of the author's thematic analysis was to inductively analyse and identify any patterns, themes, or trends, that emerged through a reading of the full-text of all 89 studies included in the review. The author chose an inductive approach to remain open to any themes that may emerge from the literature as she read.

The first step in her thematic analysis included the generation of an annotated bibliography. The exercise of engaging with each article and annotating its methods, findings, and research questions, allowed patterns to naturally emerge. The thematic analysis was an organic process that unfolded as the author read each paper. As patterns emerged, the author maintained a table of themes and patterns. Upon completion of the annotated bibliography, the author organized each emergent theme into one of four larger categories in which the articles were placed:

1.  Articles with a general focus on situating Wikipedia as a health information resource ([S2 Appendix](#pone.0228786.s002){ref-type="supplementary-material"});

2.  Assessments of Wikipedia's quality ([S3 Appendix](#pone.0228786.s003){ref-type="supplementary-material"});

3.  Wikipedia's utility for education ([S4 Appendix](#pone.0228786.s004){ref-type="supplementary-material"}), and;

4.  Wikipedia's utility for research ([S5 Appendix](#pone.0228786.s005){ref-type="supplementary-material"}).

Results {#sec011}
=======

Situating Wikipedia as a health information resource {#sec012}
----------------------------------------------------

Approximately 1% (n = 9) of the 89 included articles focus on generally situating Wikipedia as a health information resource ([Fig 2](#pone.0228786.g002){ref-type="fig"}) by measuring its readership in comparison to other online health information sources that are already validated by the health or information community. Despite the small relative size of this category of the literature, these studies ([S2 Appendix](#pone.0228786.s002){ref-type="supplementary-material"}, Table 1) position Wikipedia as a heavily used health information resource. They do not focus on any particular context or user population.

![Distribution of relevant studies by category.](pone.0228786.g002){#pone.0228786.g002}

Publications that position Wikipedia as a health information resource demonstrate this by referencing its frequency of use. Some leverage this data to call on the medical community to contribute to Wikipedia's health and medical content. The Pew Research Centre collected evidence that establishes the high-use of Wikipedia for health information among the public, physicians, and medical students \[[@pone.0228786.ref013]\] and Heilman, et al. question the relevance of traditional peer-reviewed articles when Wikipedia's health content can be updated in real-time, has a global audience, and is written in plain, accessible language \[[@pone.0228786.ref013]\].

A more recent investigation finds that Wikipedia's medical content is now consistently superior to its non-medical content with 83% of its articles rated as B-Class, the highest quality rating an article can receive without undergoing internal peer-review \[[@pone.0228786.ref014]\]. Overall, the literature within this theme attempts to destigmatize Wikipedia by addressing its limitations as a health information resource and whether solutions for these challenges are a possibility \[[@pone.0228786.ref015]\].

Situating Wikipedia as a health information resource is also verified by its relative ubiquity in online searches. Although it is based on data from 2008, a 2011 study finds that Wikipedia is the first result for most online generic drug name searches \[[@pone.0228786.ref016]\]. Further, its general capacity is also helpful in positioning Wikipedia as a health information resource. At the end of 2015, Wikipedia had 155,085 medical articles, approximately 18% of which were in English Wikipedia. This content is supported by more than 950,000 references and the most commonly cited resources are top-tier medical journals such as, New England Journal of Medicine, The Lancet, Nature, and Cochrane Systematic Reviews \[[@pone.0228786.ref015]\]. A single study places Wikipedia as one of the most heavily accessed sources of online health information based on aggregated pageview data of Wikipedia articles under the umbrella of WikiProject Medicine \[[@pone.0228786.ref002]\]. It finds Wikipedia to be equal to that of the National Institutes of Health web site and surpasses WebMD, another dominant health information web site.

Other investigations into the validity of Wikipedia as a health information source include explorations of the opportunity Wikipedia's health content offers globally \[[@pone.0228786.ref013]\]. For example, during the 2014 Ebola outbreak in West Africa, Wikipedia's Ebola content was drastically updated, translated to more than 100 different languages, and was viewed more than 89 million times that year \[[@pone.0228786.ref014]\]. However, the most influential and widely cited study in the literature places Wikipedia at the forefront of online health information resources \[[@pone.0228786.ref017]\]. Laurent and Vickers (2009) find a statistically significant difference, in which Wikipedia takes prominence, between the pageviews of Medline Plus and Wikipedia for the same topics \[[@pone.0228786.ref017]\]. This seminal study positions Wikipedia as prominent among the existing complement of online health information resources.

Quality of Wikipedia's health content {#sec013}
-------------------------------------

Assessments of Wikipedia's quality are categorized by the population of concern to the study. That is, whether the quality assessment is conducted with a general information consumer or patient in mind, a health professional, a student, or whether a user of Wikipedia is not clearly identified in the study. The focus on assessments of the quality of Wikipedia's health content within the literature is overwhelming. Despite efforts to affirm Wikipedia's value as a source for health information, questions about its quality dominate the conversation. 53% (n = 47) of the articles included in this study assess the quality of Wikipedia's health content ([Fig 2](#pone.0228786.g002){ref-type="fig"}). In this review, studies of Wikipedia's quality include assessments of readability and reliability, wherein reliability may include any of the following measures: accuracy, comprehensiveness, completeness of coverage, number or quality of references, and currency.

### For consumers {#sec014}

It is well established that the public uses the internet, and by extension Wikipedia, to find and consume health information. Of the articles included in this review, 19% (n = 17) were concerned with the suitability of Wikipedia's health content for patients or consumers. These studies ([S3 Appendix](#pone.0228786.s003){ref-type="supplementary-material"}, Table 2) assess readability, reliability, and accuracy or completeness, but specifically discuss their findings in relation to the public consumer or patient. Of those that include results--some conference proceedings do not--they generally agree that Wikipedia is suitable for patients \[[@pone.0228786.ref018]--[@pone.0228786.ref020]\]. Further, a 2010 study claims that while Wikipedia is not the superior resource, its findings suggest that it is the preferred resource \[[@pone.0228786.ref021]\]. Therefore, it could be suggested that enquiries into Wikipedia's suitability for patients may have limited impact if patients are likely to prefer Wikipedia anyhow. Unfortunately, these assessments of suitability for patients are also unlikely to be relevant given that their publication dates range between 2008 and 2013.

Some unique studies that examine the quality of Wikipedia include Skancke and Svendsen's (2017) investigation into who edits Wikipedia's content on medicines. Skancke and Svendsen explore the impact and potential implications associated with pharmaceutical representatives editing Wikipedia \[[@pone.0228786.ref022]\]. Another study investigates the impact of the contributor's experience on the quality of Wikipedia articles through an evaluation of edits \[[@pone.0228786.ref023]\] and Cozza, Petrocchi and Spognardi use natural language processing software to automate the assessment of Wikipedia articles \[[@pone.0228786.ref024]\]. However, most studies focus on the information in Wikipedia about a specific health speciality. These include gastroenterology \[[@pone.0228786.ref018]\], nephrology \[[@pone.0228786.ref019]\], autoimmune disorders \[[@pone.0228786.ref025]\], medicinal drugs or herbal supplements \[[@pone.0228786.ref026]--[@pone.0228786.ref031]\], pathology informatics \[[@pone.0228786.ref032]\], surgery \[[@pone.0228786.ref033],[@pone.0228786.ref034]\], toxicology \[[@pone.0228786.ref035],[@pone.0228786.ref036]\], nutrition \[[@pone.0228786.ref037]--[@pone.0228786.ref039]\], complementary and alternative medicine \[[@pone.0228786.ref040]\], cancer \[[@pone.0228786.ref020],[@pone.0228786.ref021],[@pone.0228786.ref041],[@pone.0228786.ref042]\], hearing loss \[[@pone.0228786.ref043]\], and mental health or the brain \[[@pone.0228786.ref044],[@pone.0228786.ref045]\].

Two distinctive studies describe leveraging Wikipedia's content in order to improve patient care. Martin-Carreras & Kahn (2019) describe an online patient-oriented information resource in radiology that is now integrated with Wikipedia to pull radiology images from the Wikimedia Commons into their database \[[@pone.0228786.ref046]\]. Another study describes how it used Wikipedia to mine consumer health vocabulary by finding synonyms for medical terminology in order to improve communication between practitioners and patients \[[@pone.0228786.ref047]\]. While the content is not necessarily evaluated for consumption, both of these studies are examples of how Wikipedia's health content could be used in creative ways to complement existing resources maintained by experts and improve access to information or patient care.

### For students {#sec015}

Less than 1% (n = 8) focused on the suitability of quality of Wikipedia for student use ([S3 Appendix](#pone.0228786.s003){ref-type="supplementary-material"}, Table 3). Herbert, et al (2015) present evidence that suggests most medical students use Wikipedia at a moderate or high rate (67%), but this investigation reports a response rate of 21% so the findings cannot be generalized \[[@pone.0228786.ref048]\]. Interestingly this study also finds that of the participants, 65% did not know how to revise Wikipedia when they encountered an error. This begs the question of whether faculty should follow the lead of Queen's University \[[@pone.0228786.ref049]\] and USCF \[[@pone.0228786.ref050]\] and instruct medical students to edit Wikipedia so that they can revise errors when they inevitably use the resource. In a more methodologically sound study, Judd and Kennedy (2011) find that medical students used Google in 69% of biomedical sessions in a computer lab and Wikipedia in 51% of those same sessions \[[@pone.0228786.ref051]\]. While the study also notes an interesting trajectory in which students' reliance on Wikipedia decreases each year from first year to third year, actual Wikipedia usage remains prominent throughout students' progression through the curriculum.

Assessments of Wikipedia's suitability as a learning tool \[[@pone.0228786.ref052]--[@pone.0228786.ref059]\] range in topic and methods and again, encounter similar challenges to the quality assessment studies discussed earlier. Information sources used as a point of comparison and methodologies are not necessarily appropriate, Wikipedia's dynamic nature reduces the reliability of the studies, and the findings vary from one study to another. Some conclude Wikipedia is suitable for medical students \[[@pone.0228786.ref053],[@pone.0228786.ref057]\], but most conclude it is not \[[@pone.0228786.ref053]--[@pone.0228786.ref056],[@pone.0228786.ref058],[@pone.0228786.ref059]\].

### For professionals {#sec016}

A small set of studies (n = 5) framed evaluations of Wikipedia's health content within the context of its suitability for use by health care workers ([S3 Appendix](#pone.0228786.s003){ref-type="supplementary-material"}, Table 4). Park, Masupe, Joseph, et al (2016) report that Botswanan health care workers' perceptions of Wikipedia's quality is divisive at best. In this study, Wikipedia's value was based more on its consistent availability, through the now defunct Wikipedia Zero project \[[@pone.0228786.ref060]\], than the quality of its medical content \[[@pone.0228786.ref061]\].

Within specific medical contexts, the findings are inconsistent. For example, as a surgical reference Wikipedia is found to be accurate and appropriate resource, albeit incomplete \[[@pone.0228786.ref033]\]. Conversely, the drug information on Wikipedia is deemed variable in comparison to Micromedex and therefore considered an inappropriate drug reference for professionals \[[@pone.0228786.ref031]\]. Within the professional context, the literature also discusses efforts to improve the quality of Wikipedia. For example, Morata and Lum (2018) describe a partnership between the U.S. National Institute for Occupational Safety and Health (NIOSH) and Wikipedia with the goal to improve Wikipedia's occupational safety and health content \[[@pone.0228786.ref062]\]. NIOSH developed and continues to manage WikiProject Occupational Safety and Health and NIOSH also participations in a program that encourages students to contribute to Wikipedia. This partnership could be interpreted as recognition of Wikipedia's influence and broad audience.

Wikipedia's prevalence in scholarly communication has also caught the attention of researchers. In a unique departure from assessing Wikipedia's citations, Bould, et al. (2014) examine the prevalence of Wikipedia citations in peer-reviewed health sciences journals indexed in PubMed, Medline, or Embase \[[@pone.0228786.ref063]\]. The study finds a small but growing frequency of Wikipedia citations in peer-reviewed health sciences literature and that most of these citations occur after 2010. The majority of these citations are used for descriptions or definitions. This growth in referencing Wikipedia in peer-reviewed literature could be an indication of the growing reliability of Wikipedia's health content.

### General assessments of quality {#sec017}

General assessments of the quality of Wikipedia's health information, those that do not take into consideration the impact of its quality on a specific population, comprise approximately 18% (n = 16) of the articles included in this review ([S3 Appendix](#pone.0228786.s003){ref-type="supplementary-material"}, Table 5). Despite claims that English Wikipedia's health content is written in plain, accessible language, assessments of its quality, regardless of context, share a common finding: while Wikipedia does well to remain current \[[@pone.0228786.ref026],[@pone.0228786.ref041],[@pone.0228786.ref044]\], its medical content uses technical terms that result in readability levels too low to accommodate the very people it stands to benefit most. The readability of the easiest articles has been reported to be around ninth grade \[[@pone.0228786.ref025],[@pone.0228786.ref030],[@pone.0228786.ref040]\]. Some studies find that Wikipedia's medical content requires at least a college reading level or is considered highly difficult \[[@pone.0228786.ref034],[@pone.0228786.ref043]\]. Other studies simply report Wikipedia's readability as higher than that of other health information sources such as WebMD, MedlinePlus, or MayoClinic \[[@pone.0228786.ref044],[@pone.0228786.ref064]\].

Utility in education {#sec018}
====================

Wikipedia's utility in education is also considered within the context of different populations, ranging from its general use in educational settings to its deliberate inclusion in course or program curricula, specifically as an educational tool for evidence-based practice or information literacy, or both. The term "education" here applies to students enrolled in a formal medical or health education program, professionals enrolled in a continuing education program, workshop, or course, and professionals who use Wikipedia to inform their everyday practice. Approximately 18% (n = 16) of the literature in this review addresses the utility of Wikipedia in health education within the above three contexts.

Explorations into the various roles of Wikipedia in health and medical education have a strong presence within the literature ([S4 Appendix](#pone.0228786.s004){ref-type="supplementary-material"}, Table 6), which includes editing Wikipedia as an educational tool in the classroom \[[@pone.0228786.ref049],[@pone.0228786.ref050],[@pone.0228786.ref052],[@pone.0228786.ref065]--[@pone.0228786.ref068]\], measuring student interactions with Wikipedia \[[@pone.0228786.ref048],[@pone.0228786.ref051],[@pone.0228786.ref053],[@pone.0228786.ref069]\], and its utility in knowledge sharing between professionals or for daily reference in everyday practice \[[@pone.0228786.ref052],[@pone.0228786.ref070]--[@pone.0228786.ref073]\].

The first documented for-credit course at a medical school for editing Wikipedia was offered by University of California, San Francisco in 2013 \[[@pone.0228786.ref050]\]. The first reported use of Wikipedia in a medical course, as a single assignment, is from 2011 and it required students to edit neuroscience stub articles \[[@pone.0228786.ref066]\]. Since then, the inclusion of editing Wikipedia in health education courses has crossed a number of health disciplines. Pharmacy students have been asked to write content in Wikipedia as an alternative to composing pharmaceutical drug monographs \[[@pone.0228786.ref065]\] and a gerontology instructor identified gaps in Wikipedia's content on aging and assigned students the task of using their term papers to edit it \[[@pone.0228786.ref067]\].

A more recent example comes from Queen's University where editing Wikipedia is integrated into the first-year evidence-based medicine curriculum \[[@pone.0228786.ref049]\]. It is a strong example of the utility of Wikipedia to enforce critical skills in medicine, where students are instructed in evidence-based medicine and are subsequently asked to apply those skills in a project that has real-world impact with relatively low risk. Finally, in a survey of first year students from the same program \[[@pone.0228786.ref069]\], the authors find that students recognize the utility of Wikipedia after editing it and developed a greater appreciation for it after completing their evidence-based medicine projects. Interestingly, the majority of survey participants also indicated that they would be likely to use Wikipedia during medical school and their subsequent residencies but would not necessarily recommend it to patients.

One distinguishing study is a randomized control trial from 2017 that compares Wikipedia to UpToDate and a digital textbook. It tests for short-term knowledge acquisition among a sample of first and second-year medical students from Canadian medical schools \[[@pone.0228786.ref074]\]. This two-year parallel arm RCT finds a statistically significant difference in knowledge acquisition between the textbook group and the Wikipedia group and an observed trend of better performance from the Wikipedia group compared to the UpToDate group, albeit the difference between the two groups is not found to be statistically significant. This study is unique because it employs traditional scientific rigour, a rarity here. The authors hypothesize that Wikipedia's content may impose a smaller cognitive load than the digital textbook, which could have been a contributor to a significantly better performance on post-tests in the Wikipedia group than in the digital textbook group. It presents a strong case against the traditional discouragement of Wikipedia use in medical education and instead presents evidence to support its potential utility in the education of medical students.

With respect to adult education, continuing education, or professional practice ([S4 Appendix](#pone.0228786.s004){ref-type="supplementary-material"}, Table 7), Lieberthal and Leon (2015) report on having adult health economics students post their written assignments to Wikipedia \[[@pone.0228786.ref052]\]. Additionally, genomics experts use and contribute to the GeneWiki, a collection of Wikipedia entries where each entry is related to a specific human gene, which aims to comprehensively annotate gene functions for each known human gene \[[@pone.0228786.ref070]\]. The GeneWiki has been integrated into the larger body of Wikipedia articles \[[@pone.0228786.ref070]\] and is presented as a solution to the previous problem biomedical researchers faced in producing review articles for each of the 20,000 human genes \[[@pone.0228786.ref071]\]. Further, the GeneWiki itself has been mined for its gene annotations in an effort to generate a gene ontology and a disease ontology \[[@pone.0228786.ref072]\]. Finally, a study from New Zealand, while citing a low participation rate, suggests that Wikipedia use by interns, residents, and consultants is common to aid with memory recall or to provide a fast overview \[[@pone.0228786.ref073]\].

Utility in research {#sec019}
-------------------

Wikipedia's role in health or medical research is also discussed within the literature within two different contexts: in human information practices research, as a data source for bibliometric and epidemiological research, and in epidemiology research. It's utility in epidemiological research constitutes half (n = 8) of the 18% (n = 16) of articles that focus on Wikipedia's utility in health-related research.

### Bibliometric and information-seeking behaviour studies {#sec020}

As with assessments of quality and suitability for medical students or patients, the small contingent of infodemiology research ([S5 Appendix](#pone.0228786.s005){ref-type="supplementary-material"}, Table 8) is also heavily reliant upon subject specific Wikipedia content. These include movement disorders \[[@pone.0228786.ref075]\], neurological disorders \[[@pone.0228786.ref076],[@pone.0228786.ref077]\], hemophilia \[[@pone.0228786.ref078]\], and critical care \[[@pone.0228786.ref073]\]. While this is not a robust field of literature some findings are worth noting. Namely, that pageviews in Wikipedia spiked after a celebrity's announcement of diagnosis, which suggests Wikipedia might play an important role in the public consumption of health information \[[@pone.0228786.ref077]\]. A single study of Wikipedia's dominance in search engine results suggests that while specialist web sites may have more depth, they may be at higher risk than Wikipedia of being missed in more general searches due to Wikipedia's prominence in search engine retrievals \[[@pone.0228786.ref078]\].

Bibliometric studies ([S5 Appendix](#pone.0228786.s005){ref-type="supplementary-material"}, Table 9) have been used to assess whether Wikipedia is cited in academic literature and its influence on the popularity of, or access to, high-impact journals, or to measure article impact. Wikipedia is positioned as a key alternative resource for the measurement of journal or article impact \[[@pone.0228786.ref079]\], to identify influential medical journals \[[@pone.0228786.ref080]\], or to act as a "gateway" to traditionally published health research, given that approximately 69% of the articles cited in Wikipedia's health content are reviews, a highly valued source of evidence \[[@pone.0228786.ref081],[@pone.0228786.ref082]\]. These studies also assert that a major value of Wikipedia is its curated list of published articles, many of which are cited in Wikipedia within days, but at most months, of publication \[[@pone.0228786.ref079],[@pone.0228786.ref080]\].

### Epidemiological studies {#sec021}

Finally, a little under half of the articles that address Wikipedia's utility within the context of research focused on Wikipedia's potential as a data source in epidemiological research ([S5 Appendix](#pone.0228786.s005){ref-type="supplementary-material"}, Table 10). Generous, et al (2014) propose that Wikipedia has the ability to respond to the major challenges that currently face disease monitoring--openness, breadth, transferability, and forecasting \[[@pone.0228786.ref083]\]. There is evidence to support the feasibility of Wikipedia in disease monitoring in relation to seasonal changes in mood \[[@pone.0228786.ref084]\] and seasonal fluctuations in influenza\[[@pone.0228786.ref085]--[@pone.0228786.ref087]\]. However, while the work on the development of a plausible means to use Wikipedia's access log data to monitor and forecast disease continues \[[@pone.0228786.ref088]\], one study actually proposes Google data could be more useful \[[@pone.0228786.ref089]\] and another study struggles to prove the utility of Wikipedia for this purpose \[[@pone.0228786.ref090]\], although this is likely due to the fact that the researchers used a sample of 1,633 diseases rather than focus on a single disease as other studies have done.

Publication trends {#sec022}
------------------

In 2018, a study based on a sample of 100,000 articles indexed in CrossRef, a database that indexes all articles that have a DOI, estimated that approximately 28% (95% CI \[27.6--28.2%\]) of all literature is published using an open access publication model (OA) \[[@pone.0228786.ref091]\]. Comparatively, a quantitative analysis of the articles and conference proceedings included in this review ([Fig 3](#pone.0228786.g003){ref-type="fig"}) indicates that 40.4% (n = 36) are OA. The complement of OA literature within this review is 143% greater than the complement of OA literature indexed within CrossRef, which may indicate that the authors of these studies, like Wikipedia, value openness and the broad dissemination of information. It is encouraging to see evidence of similar values between those investigating Wikipedia and Wikipedia itself.

![Distribution of publication models between CrossRef and the health literature on Wikipedia.](pone.0228786.g003){#pone.0228786.g003}

Another observable pattern is the overall upward trend in the production of health literature about Wikipedia, which is illustrated by a noticeable peak in 2014 ([Fig 4](#pone.0228786.g004){ref-type="fig"}), the same year the only two known systematic reviews of Wikipedia scholarship were published \[[@pone.0228786.ref010],[@pone.0228786.ref011]\]. The growth of publications in this field is a promising indicator of the growth in the acceptance of Wikipedia within the academic health community.

![Distribution of literature by publication year.](pone.0228786.g004){#pone.0228786.g004}

Discussion {#sec023}
==========

While there are consistent findings with respect to the readability and currency of Wikipedia's health content, the results of assessments of reliability (accuracy, comprehensiveness, currency, and breadth or depth of coverage) are varied at best. These studies vary not only in their results, but also in their methodologies. Studies with dubious methodological approaches assess Wikipedia in comparison to a resource with which significant differences should be expected, such as clinical tools designed for practitioners or experts \[[@pone.0228786.ref027],[@pone.0228786.ref030],[@pone.0228786.ref035],[@pone.0228786.ref036]\], or websites managed by leading organizations on the topic \[[@pone.0228786.ref041]\]. More appropriate comparisons are drawn between other open, free tertiary resources \[[@pone.0228786.ref026]\]. Alternatively, a validated instrument, such as DISCERN, can be used to quantitatively assess Wikipedia articles \[[@pone.0228786.ref033],[@pone.0228786.ref034],[@pone.0228786.ref043],[@pone.0228786.ref092]\]. Other measures of quality take into consideration the number and quality of references and since there are close to one million references supporting Wikipedia's medical content, this could be a useful approach for the assessment of reliability.

Sample selection methods in studies concerning quality range between using terms derived from course resources \[[@pone.0228786.ref032]\], semi-structured interviews \[[@pone.0228786.ref043]\], other tertiary sources \[[@pone.0228786.ref038],[@pone.0228786.ref039]\], or national statistics \[[@pone.0228786.ref030]\] to establish a list of Wikipedia articles to evaluate. One study outright acknowledges that their sample of articles may not be representative of the field in question \[[@pone.0228786.ref093]\] while another neglects to acknowledge a severe mismatch between the sample studied and the results of the study \[[@pone.0228786.ref094]\]. In addition, some studies are just too ambitious to possibly be reliable \[[@pone.0228786.ref064],[@pone.0228786.ref094],[@pone.0228786.ref095]\] and of the 47 articles concerned about quality, only four discuss or propose methods for improving or adding to Wikipedia's health and medicine content \[[@pone.0228786.ref062],[@pone.0228786.ref096]--[@pone.0228786.ref098]\] in response to their findings. Regardless of methodology or focus, the findings of investigations into Wikipedia's quality are varied with respect to the accuracy, coverage, comprehensiveness of Wikipedia's medical content.

Attempts to generalize findings from a single study to generate an evaluation of the quality of the entire corpus of medical content in Wikipedia are futile at best. It is impossible to generalize that its medical content, generally, is of either good or poor quality. Wikipedia's articles are individual pieces of a larger whole, creating a mosaic of information where each piece contributes to the summarization of medical knowledge but where some pieces are more complete than others. While it is prudent to describe Wikipedia as a tertiary information resource, it is not equivalent to what is considered a traditional encyclopedia. That is, its content is not clandestinely produced by an elite group of experts and only made available once it is deemed a complete publishable encyclopedia. Wikipedia is fluid. Not only is it incomplete, it is dynamic: evolving, and expanding; thus, rendering the practice of evaluating Wikipedia's content, in any context, extraneous. Any evaluation will remain a snapshot in time that may or may not be applicable by the time the study hits the press. Unless these studies are used to establish a plan to improve Wikipedia's content, it is a challenge to understand their value. Studies that measure the quality of Wikipedia's health information seem to be asking the wrong question. A more appropriate question might be "how can Wikipedia's health information be improved?" Further, recommendations for or against the use of Wikipedia in any context based on quality do not take Wikipedia's utility in education or research under consideration.

Overall the literature tells us that Wikipedia is used in educational and professional environments, it is an engaging and impactful way to teach evidence-based medicine skills or information literacy, that its utility is demonstrated by the knowledge acquisition of students who use it, and that it is difficult to determine whether its quality makes it suitable for student use, despite students being aware of its utility and accessing it frequently. The value of student engagement with Wikipedia also trends in this small body of literature. Students have the time, resources, and capacity to identify gaps in Wikipedia's health content and make the contributions required to improve it. It appears that this approach in health and medical education continues to gather momentum. An interesting contradiction in the literature however, is that some studies find Wikipedia is appropriate for public consumption, while others deem it unsuitable for student consumption This raises the question: what makes Wikipedia suitable for patient use, but not medical student use? If the Wikipedia community aims to create a Wikipedia that is suitable for *both* medical students *and* patients, what problems may arise?

Finally, there is promise that Wikipedia has potential to benefit the health research community in various contexts (bibliometrics, infodemiology, and epidemiology or disease monitoring), but more needs to be done to develop a better understanding of its utility in this regard. Wikipedia's health content could, potentially, be leveraged to understand the public perception of a specific health topic. An evaluation of online information about genome editing finds that Wikipedia and the top seven web sites retrieved by Google focus primarily on explaining the technicalities of genome editing and do not necessarily focus on other hotly debated conversations around the topic, such as ethics \[[@pone.0228786.ref009]\]. These findings can be useful in determining what pieces of health information might be missing from public view.

Limitations {#sec024}
-----------

The most significant limitation of this review is its exclusion of literature in which Wikipedia is mentioned in articles that focus on online health information seeking but do not explicitly discuss or address Wikipedia as a major topic. These studies may provide richer insight into the role of Wikipedia in online health information seeking, its prevalence in search results, why it may be selected as a source of health information in online searching, and if, or how, Wikipedia is utilized in conjunction with other online information sources. These are explorations that merit further investigation into existing literature in the future and will be the subject of forthcoming research.

Conclusion {#sec025}
==========

The literature provides strong evidence to position Wikipedia as a prominent health information resource for the public, patients, students, and practitioners seeking health information online. Wikipedia's health content is accessed frequently, as much as or more than other free online health information sources, such as Medline Plus, and its pages regularly rank highly in search engine results, thus increasing the possibility that a user may select Wikipedia as a health information source. Trends in education where Wikipedia is employed as a tool for education in the classroom, particularly in medical curricula, have emerged but there is no obvious consensus in this domain. Outlier topics such as the utility of Wikipedia in health research or the study of disease outbreaks require more research to produce sufficient evidence to support the value of Wikipedia in research.

Much of the attention on Wikipedia is based on assessments of the quality of its medical content. However, the dynamic nature of Wikipedia and the sheer volume of content that would need to be assessed in order to properly evaluate its medical content holistically often renders these types of evaluations irrelevant. Investigations into accuracy and completeness are particularly difficult to assign value to, but a consistent finding brings to light the low readability of much of Wikipedia's medical content. Rather than rate the quality of Wikipedia within a specific domain and recommend its use or discontinuance of use as an information resource, these findings could instead be utilized as evidence to support advocacy for expert participation in the production of Wikipedia's content. Shafee et al (2017) believe that "Wikipedia is set to retain its position as a key public health information resource" \[[@pone.0228786.ref014]\] and they issue a call for participation to the medical community, as do their peers \[[@pone.0228786.ref013],[@pone.0228786.ref025],[@pone.0228786.ref033]\], "to ensure that medical content is accurate in the world's most consulted encyclopedia" \[[@pone.0228786.ref014]\].

While Wikipedia itself is well into its second decade, the academic study of Wikipedia within the context of health is still young, however its use in various contexts is apparent in the existing literature. It can be a patient or consumer health information resource, a resource for medical or health students, a resource for health and medical professionals, and a data source for researchers.

The literature does not investigate to what capacity Wikipedia is used. While page view data provides evidence that Wikipedia is accessed frequently, this data alone cannot provide insight into what usage looks like. Tom Wilson, a prominent contributor to the field of information behaviour and information needs research is credited for the general notion that "the acquiring of information is not... an end in itself. An identification of the use to which \[the information resource\] is to be put... is essential to any form of information seeking" \[[@pone.0228786.ref099]\]. That is, it is not sufficient to know that Wikipedia is being used for health information. We must also seek to learn to what end it is used. Questions that remain to be answered are: Does the information on Wikipedia influence users' decisions about their own health or health care, or the health care of those within their care, such as children or aging parents? Does Wikipedia's health content, when consumed by patients or the public, supplement, support, or interfere with health care workers' delivery of care to patients? Why is Wikipedia used as a health information resource compared to other free online health information by either patients or health workers? Is it used in conjunction with other online or offline health information resources? What makes a user trust or distrust Wikipedia? What can Wikipedia offer as a health information resource that traditionally accepted online health information resources, such as Medline Plus, cannot? Can the currency of Wikipedia complement the quality of more authoritative health information resources online, and if so, what might this look like?

The next step to contribute to this field that is ripe for deeper investigation will include a comprehensive scoping literature review of online health information seeking behaviour and the role of Wikipedia in the retrieval and use of online health information among patients and health care workers and any differences therein. This review will ask "what is the role of Wikipedia in online health information seeking?" Following the review, an exploratory study into the application of online medical information, with a focus on Wikipedia, will be initiated.
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Response to editor:

EDITOR: I would like to stress the importance of adapting the manuscript to PLoS ONE standards. Specifically, this journal does not consider literature reviews, but it considers scoping reviews given that they are well reported, address a clearly defined research question, have been conducted to a high standard, and are reproducible. Consistently with Reviewer 1 in particular I think the methodological part of this manuscript could be improved.

DS: I have revised the manuscript to meet the stylistic and rigor requirements of PLoS ONE to the best that I have understood them based on your feedback and reviewer's comments. I have made significant improvements to the methods section and added my full search strategy (appendix A). I hope you will find make the study reproducible.

• EDITOR: Revise abstract: background is missing and objective is not clear

o DS: Added research questions to objective. Added background.

• EDITOR: Revise or improve/specify objectives: while the aim of a scoping review is to "map a field", this journal requires objectives/research questions to be as specific as possible to make the review reproducible

o DS: Added research questions to objective in Abstract. RQs are also in line 70 and 71 of introduction.

• EDITOR: Redo tables as suggested: Also, some references in the tables include journals, others not -- keep consistent

o DS: Addressed (see response to Reviewer \#1)

• EDITOR: More details and relevant references are needed regarding the exclusion of sources (lines 81-85); it seems reasonable not to include all possible health-related terms, but again make sure enough information is provided to make the review reproducible. The same can be said for the "thematic analysis" (lines 133-139) which lacks methodological details

o DS: provided more detail in flow chart (precisely how many articles were excluded for each criterion for exclusion), fleshed out methods section to include rationale for scoping review as the chosen method and a stronger rationale for not including health terms.

o DS: Added more detail to define "thematic analysis" and describe methods of conducting the thematic analysis to improve reproducibility of study.

Finally, Reviewer 2 said his comments are optional, but I suggest you to consider them, especially for what regards correctness about Wikipedia history and activities

DS: Complete. Responses to individuals comments below (see response to Reviewer \#2)

RESPONSE TO REVIEWER 1:

R1: Please, correct the citation (6) at line 50 which is reported two times.

DS: Corrected

R1: The methods are well described; however, I think the authors should explain why they decided to proceed with a scoping review and the methodology to follow for this type of review.

DS: Added search strategy for each database search. Added lines 74-81 to provide context for purpose of scoping review.

R1: I think that Results are limited; the authors should better explain in which and how many contributions they did find the specific results. The table alone is insufficient, more detailed description in the text should accompany the analysis.

DS: I combine the Results and discussion into one section (as in the body formatting guidelines) and was better able to illustrate specifically from where each category emerged. The detailed description in the text that previously sat in the Discussion section now complements the results in a section called Results and Discussion

R1: Additionally, the PRISMA figure is not explained in the test: authors should describe the processes that led them to exclude articles from the first exclusion process (they must start from the initial number of articles, 3630, and explain how they arrived at the final number, 89).

DS: I added a section to the Methods section that describes how I went from my starting number of results to the final 89 articles. NOTE: the numbers changed as I went back to revisit my records and realized I did manual screening of a single database search and this was left out of my originally submitted counts. This has now been accounted for in the text and adequately described.

R1: Tables should be completely redone. Usually tables in reviews (systematic or scoping) include each individual study (one study per row) and list their characteristics (e.g., population, research design, results relevant for review, etc.) to help the reader identifying relevant information for each study; in the current form, it is really not clear what Authors wanted to explain with such tables. What is the relationship between multiple studies on the same row, for example? Why is it important to divide the studies basing on population especially? Etc.I advise authors to analyze similar reviews from already published literature and to find an alternative for the design of the tables which could be clearer and more informative for the readers.

DS: Completely revised tables. I see now how troubling the layout was. Have also renamed title of each of the three tables to be more descriptive about the content therein. Each table is divided into categories and the relevant articles from each category are listed, one study per row. Each study in the table corresponds with a category discussed within the body of the discussion. The purpose of including these tables is to provide readers with a quick reference to consult when they'd like to see all articles that fall within a particular category/theme I identify and discuss in the body of the article. The decision to have some categories labeled by population is because in the body of my discussion I specifically address trends in the literature where some populations are considered more than others. For example, for quality of Wikipedia's health content, the dominant conversation is around whether the quality makes it suitable for patients, but it is important to provide a list of which articles have evaluated Wikipedia's quality with patients in mind, or another population, such as medical students or health professionals.

Since this is a scoping review I chose not to place emphasis on recording study design or other characteristics. The main goal of this review is to get a sense of what conversations are happening in the literature and to draw out any patterns/trends/gaps/or concerns I can find. I made notes when methodology was dubious and report these concerns, when appropriate, in the discussion section.

I think that most of the information relevant for the results were incorrectly placed in the discussion part: information on the retrieved papers should be put in results, while discussion and conclusion should feature critical resume and synthetic reflections about the main take-home messages for the reader. I suggest authors to revise these sections and be clearer in the distinction between a reporting results vs. a discussion section.

DS: As mentioned above, I moved the discussion section to the results and combined them into one section to provide richer detail in a more streamlined way. The conclusion will include reflections and the main take-home messages.

RESPONSES TO REVIEWER 2:

37 "Imagine a world in which every single person has free access to the sum of all medical 38 knowledge" (1). This is what WikiProject Medicine, a community of editors who develop 39 the health care content in Wikipedia (2),

Some clarification here - omit the link to Wordpress, your citation \#1. This is not maintained and is the same as the \#2 citation

<https://meta.wikimedia.org/wiki/Wiki_Project_Med>

DS: Fixed.

41-42

than any other health information 42 resource online

\"than any other single health information resource\"

I realize that we in Wikipedia do not track non-digital media because it is not possible, but Wikipedia is a continually living 20 year global resource. It competes against things like personal doctor visits.

I think you went to the Google / Facebook / Microsoft event at the WikiConference. I have less understanding of Google, but I think they said that 15% of user queries are health related. I feel increasingly comfortable calling Wikipedia most popular without qualifiers like \"online\", \"new media\", etc.

DS: I removed many of the qualifiers of "online" but not all. I have strategically placed terms like "internet" and "online" in the abstract so that the article can be retrieved in a search for "online OR interent" AND health information.

However, a paradigm45 shifting study conducted by Nature found that Wikipedia and Encyclopedia

Britannica

This was in 2005, we have high school students born after this who use Wikipedia routinely. Since 2005 there has been one human generation of development passed and several technological generations. For example, in 2005 no one thought Facebook would become popular. . There has been no big challenge of Wikipedia since then. There have been various small challenges.

You know the literature. My point in this is just that the Nature study is old and the bigger news is that no one ever challenged it.

DS: Yes, I included this study so that other readers are aware I know it exists. A common exercise in academia, I'm afraid. You're right to point out that the bigger news is that the finding has not been challenged and so I have added a sentence to that effect. Line 47-48

59 Today Wikipedia is the 7th most frequently accessed web site in the United States and 60 Canada(7).

Since 2005 Wikipedia has been an Alexa top 10 website. There is no source to cite for this. Evidence becomes stronger after 2007 and stronger again after 2012, but no one has published this simple reporting. If you feel bold enough you could say \"top ten website since at least 2014\" and cite Heilman 2015 <https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4376174/>

the strength of the claim in the source is weak but the statement is accurate

DS: I cited the Alex web site rankings: <https://www.alexa.com/topsites/countries/US> & <https://www.alexa.com/topsites/countries/CA>. There are new stats, so I updated the manuscript with the latest rankings for US and Canada

Wikicite has 90 papers, you found 89, and I wonder what the difference is.

DS: It's possible new articles have been published since I ran my searches 7 months ago. In fact I know there have been at least one or two new articles about editing Wikipedia or evaluation quality of Wikipedia, I just coudln't add them to this review retroactively and if I did, they wouldn't change my findings anyhow.

98 treatment of Wikipedia\'s health content was insufficient to merit inclusion. These articles 6 99 will be reviewed separately in an additional study of the literature that specifically explores 100 online health information seeking behaviour and Wikipedia's role within it.

I get anxious seeing promises like this made because it can be hard to identify the later paper if it exists. I sort of wish this promise could be omitted.

DS: You're right. It's a bold statement. I have removed. But for the record -- I did end up doing this work. If it gets published I'll be sure to cite this review so readers can draw the connections on their own.

110 In 2018, a study based on a sample of 100,000 articles indexed in CrossRef, a database that 111 indexes al

This bit about OA is interesting but this is the start of the results section, and I was hoping for a strong start about Wikipedia. The OA information could come later as it is more incidental.

DS: Yes, it's jarring that I don't launch into results about Wikipedia straight away. I have moved the OA content and have moved it to the end of the Results and discussion section.

117 openness and the broad dissemination of information. It is encouraging to see evidence of 118 similar values between those investigating Wikipedia and the organization itself.

Can you clarify what \"the organization\" is? Perhaps rephrase?

DS: Yes -- changed "the organization" to "Wikipedia" since it is not an organization, but a project of the Wikimedia Foundation

124 literature about Wikipedia is illustrated by a noticeable peak in 2014 (Fig 3), the same year 125 the only two known systematic reviews of Wikipedia scholarship were published.

Wait - can you cite the reviews to which you are referring?

DS: Done.

125 the only two known systematic reviews of Wikipedia scholarship were published. In 2015, 126 Nature reported its findings that suggested Wikipedia was more or less equal in accuracy 127 compared to Encyclopedia Britannica

Seems like an error! Not 2015, 2005!

<https://www.nature.com/articles/438900a>

I am not aware of a 2015 paper!

DS: Yes this was a typo I became aware of after submitting the manuscript. Thanks for the reminder. I may have forgotten to fix it otherwise.

123 -129

perhaps, but is this a confusion about the date of the nature paper? If so then revise or strike this.

DS: fixed... a result of my typo and working on this too late at night!

134 1. Articles with a general focus on situating Wikipedia as a health information resource 135 with no specific context as a major focus (e.g for consumers, professionals, or 136 students);

It seems extraneous to qualify this when this is the only category of this sort. Why not just say \"Articles with a general focus on situating Wikipedia as a health information resource\", then later explain this additional detail that you sought no specific audience targeting?

DS: This is reasonable to me. I've adjusted. I do explain this later so you're right to point out the extraneity of it

156 dominate the conversation. 53% (n=47) of the articles included in this study measure

Is \"measure\" the correct term? I would have expected \"report\" or \"make claims upon\", but I think most studies do not do a measurement in a quantitative way.

DS: Changed to "assess"

160 currency, comprehensiveness, completeness of coverage, number of references, and 161 currency.

currency twice

also I know that Wikipedia emphasizes number of references, but I am not aware of other sources strongly valuing citations in medical information like Wikipedia does.

DS: Removed duplicate word. Some studies in this review evaluate Wikipedia's quality by assessing the number of references its pages on a specific topic have. This is why it is included in the list of characteristics that may be used to evaluate the quality of Wikipedia.

181 resource demonstrate this by references its frequency of use and some advocate for the 182 medical community to contribute to Wikipedia's medical content. E

something unclear here - \"references\" to \"referencing\", perhaps

182 medical community to contribute to Wikipedia's medical content. Evidence has been 183 collected from the Pew Research Centre

This confuses me a bit. Active voice could help -

DS: Yes- revised the above two statements with more clear, direct language.

218 same topics (17). This is study is seminal positioning Wikipedia's prominence in the 219 existing complement of online health information resources.

rephrase

This study positions Wikipedia as prominent among the existing\...

DS: done.

227 gastroenterology (18), nephrology (19), and some cancers (20--22). These assessments 228 assess

\"assessments assess\" to \"studies assess\" or similar

DS: "assessments" changed to "studies"

229 findings in relation to the public consumer or patient. Of those that include results -- some 230 conference proceedings do not -- they generally agree that Wikipedia is suitable for patients 231 (18,19,22) and a 2010 study find

Cut this into multiple sentences. The hyphen conjuctions etc is too much.

DS: done.

232 the preferred one (21). Unfortunately, these assessments of suitability for patients are no 233 longer likely to be relevant with publication dates ranging between 2008 and 2013.

The situation is mixed. Many articles require updating and some do not.

DS: Yes -- some articles require updating and some do not. Howeever, these particular assessments are mainly concerned with whether or not the content is suitable for patients. The do not necessarily provide evidence to suggest that an outcome of their findings will be to update the content. Some call on the medical community to contribute, others don't even mention the possibility of making changes to the articles they assess. Also -- the studies of suitability are also unlikely to be relevant today because they were published years ago. We can't evaluate Wikipedia articles based on studies 6+ years old.

236 (2017) investigation into who edits Wikipedia's medicines content \"medicines\" to medical, as this not about drugs specifically

DS: This is the language used in the article and it is referring to pharmaceutical medications. Revised language to be more clear: "Wikipedia's content on medicines"

248 Two distinctive studies describe leveraging Wikipedia's content in order to improve 249 patient care and this is perhaps the most exciting finding of this review.

I do not follow why you think these are the most exciting. Can you explain more?

DS: Added: "due to their real world application to medical practice" I found these studies exciting because they provided examples of broad uses of Wikipedia for patient care beyond physicians using Wikipedia articles to jog their memory.

251 now integrated with Wikipedia to pull radiology images from the WikiMedia Commons into

It is stylized \"Wikimedia Commons\"

DS: Revised

252 their database (46). Another study describes how it used Wikipedia to mine consumer 253 health vocabulary by finding synonyms for medical terminology

Excavating the mother lode

<https://www.sciencedirect.com/science/article/pii/S0306457316303004>

This talks about medicine and the people behind this are wiki medicine people. Not sure if you detected this one as it does not have Wikipedia or medicine in the title. The paper was bold enough to identify Wikipedia as the mother lode but regrettably did not say Wikipedia in the title. They really are sitting on a big idea.

That was out of scope for you but confirms the application.

DS: I did see that that has Wikipedia in the title and this article. It was retrieved in my Web of Science search. It was excluded in the title/abstract round because it did not mention health or medicine. These categories threw me off: "information retrieval, natural language processing, and ontology building"and made it sound like a paper focused on computer science applications. This review cited a study from Friedlen and McDonald (2010) that I had found but determined irrelevant due to its IT/CompSci focus. You're right that the review article out of scope but is a great confirmation of application of this practice.

262 the findings cannot be generalized (48). Interestingly this study also finds that of the 263 participants, 65% did not know how to revise Wikipedia when they encountered an error.

prefer \"did not know that Wikipedia invites them to edit text to revise errors which they encounter\"

DS: Not changed. This is a direct quote from the study: "Of those, 861 (65%) students did not know how to revise articles and 199 (15%) let the false information unaltered, despite knowing how to correct articles" Changing the sentence according to your suggestion above would not be an accurate representation of the findings in the cited paper. The study did not report on whether the participants knew that they could edit, just that they did or did not know how to do it.

277 studies, and the findings vary from one study to another. Some conclude Wikipedia is 278 suitable for medical students(53,57), but most conclude it is not(53--56,58,59).

yeah, I wish more studies would compare Wikipedia\'s suitability to any other specific thing instead of comparing it to the ideal of perfection.

DS: Right -- the reality is there is no "gold standard" and Wikipedia cannot be compared to perfection or the "ideal information resource" which inherently does not exist. All types of information resources have their own unique strengths and flaws.

That project, Wikipedia Zero, is sunsetted. Regardless of publication and evaluation, we in the Wikipedia editing and outreach community never became aware of any cases of use which resulted in anyone contacting anyone in our social network. It was kind of an expensive outsider project which never had Wikipedia community collaboration in an apparent way.

The community effort, named as a flagship Wikimedia Foundaiton accomplishment in their 2018 annual report, is Internet in a Box. I and lots of WikiProject Medicine people contribute to this. <https://meta.wikimedia.org/wiki/Internet-in-a-Box>

I wish you could omit this text just because that Wikipedia Zero project is over, it never matured, it had more presence in publication than in Wikipedia community engagement, and it was kind of a project on paper which had thin ties to any reality. I do not want to criticize it because it could be revived, good people contributed to it, and is still a good idea but we do not have much to show for this.

DS: I am aware of the Internet-in-a-Box and its applications. The reference to Wikipedia Zero here is entirely relative to the specific study I'm reporting on, where the value of Wikipedia to this community of Botswanan medical workers was dependent on the fact that they could access it without internet. That despite awareness of Wikipedia's flaws, they still saw it as valuable simply because it was consistently available. So -- rather than omit this section, I have added some commentary, and citations, that draw to the light the fact that Wikipedia Zero does not exist any longer.

314 that while Wikipedia does well to remain current (27,42,44), the readability of its medical 315 content is too low to accommodate the very people it stands to benefit most. The lowest 316 reading level reported is around ninth grade (26,31,41)

clarity here please

you use the term \"low\" in two different senses. One sense is \"low readability\", which I think means \"high complexity\", and the other sense is \"low reading level\", which means \"low complexity\".

perhaps

that while Wikipedia does well to remain current (27,42,44), its medical content uses technical terms which result in readability which is too low accommodate the very people it stands to benefit most. The most accessible reading level reported is around ninth grade (26,31,41)

DS: Thanks. Changed this to: " while Wikipedia does well to remain current (27,42,44), its medical content uses technical terms that result in readability levels too low to accommodate the very people it stands to benefit most. The readability of the easiest articles has been reported to be around ninth grade (26,31,41)"

325 methodological approaches assess Wikipedia in comparison to a resource with which 326 significant differences should be expected, such as subscription-based reference tools 327 designed for practitioners or experts (28,31,36,37), or websites managed by leading 328 organizations on the topic (42)

I think it is fair to compare Wikipedia with leading resources, regardless of whether they claim to have good subscription funding or target expects. The dubious methodologies include things like setting comparisons where Wikipedia does not try to be competitive, like taking points off Wikipedia for not including dose information or professional practice information. Wikipedia competes as reference information and should be compared on that basis.

DS: Yes- this is what I am getting at in this sentence. That comparisons should not be drawn between Wikipedia and a resource that is designed for something entirely different than Wikipedia. Since Wikipedia is meant to summarize medical information, we cannot expect it to be as robust as a textbook on how to perform vascular operating procedures, or as you say, dosage information. I have revised the sentence to be more clear about my intent.

328 More appropriate comparisons are drawn between other 329 open, free tertiary resources (27) or, alternatively, a validated instrument, such as 330 DISCERN, is used to quantitatively assess Wikipedia articles (34,35,43,63)

two kinds of comparisons - reference information quality is one issue, and accessibility is another issue. For quality I want Wikipedia compared against the best competing resource for any topic. Along with that comparison, there can also be a comparison of accessibility.

Wikipedia could then also be compared against the best available free resource, but I see little value in that because I expect that nothing would come close to Wikipedia\'s quality. Also any other available free resource is almost certainly negligible traffic and therefore inaccessible.

DS: I agree, but as this is a review I can only report on what the literature has reported and at this point, many of the published studies that compare Wikipedia to another resource seem to missing the point -- that Wikipedia is meant to be an encyclopedia. It is a tertiary source. Therefore, it is inappropriate to draw comparisons between the "quality" of a an encyclopedia compared to a textbook or clinical tool, which are an entirely different type of information resource. For example, I wouldn't go to Dynamed or UpToDate to get an overview of a medical condition for the same reasons I wouldn't seek out dosage guidelines on Wikipedia. Each type of research has its own role to play in the landscape of medical information and the comparisons published to date don't seem to understand that nuance.

347 Any attempt to generalize findings in order to generate a holistic understanding of the 348 quality of the entirety Wikipedia's medical content is an insurmountable task.

specific the methodology which you imagine

I admit that we do not have a holistic understanding but also no one has tried. I think if we had modest funding to do an evaluation then we could do well to get a good general understanding. There are several possible strategies to attempt and realistically there has hardly been any attempt.

I am much more hopeful about this.

DS: What I meant here is that some studies included in this review evaluated the quality of a sub set of Wikipedia articles on a given topic (e.g. autoimmune disorders) and then generalized those findings to make claims about the quality of Wikipedia's medical content more broadly or at least more broadly than the articles included in the study. Attempts to generalize findings to generate a holistic view of the quality of Wikipedia's medical content is futile. The articles are changing all the time and the quality of articles is not standard across Wikipedia, Some are poor, some are remarkably well done. So it's impossible to say whether or not Wikipedia, generally, is "good" or not. I hope the revision makes this more clear:

"Attempts to generalize findings from a single study to generate an evaluation of the quality of the entire corpus of medical content in Wikipedia content are futile at best. It is impossible to generalize that its medical content, generally, is of either good or poor quality. Wikipedia's articles are individual pieces of a larger whole, creating a mosaic of information where each piece contributes to the summarization of medical knowledge but where some pieces are more complete than others."

351 more complete than others. Wikipedia is also fluid. While it is prudent to describe 352 Wikipedia as a tertiary information resource, it is not equivalent to a published 353 encyclopedia. Not only is it incomplete, it is also dynamic: evolving, and expanding; thus

It has been 20 years. Wikipedia is the golden standard for what defines a published encyclopedia. Saying that it is \"not equivalent to a published encyclopedia\" is odd in the context that Wikipedia is known as an encyclopedia and gets more human hours of consultation than all other encyclopedias put together. At some point it becomes necessary to state what one expects of an encyclopedia and what Wikipedia is.

DS: Thanks for pointing out the need for me to clarify this. By "traditional encyclopedia" what I really meant is that while it IS an encyclopedia, it is not traditional in the sense that is not clandestinely laboured over for years by an elite group of hand-picked experts and then published when it is deemed to be complete. Have made the change to this:

"While it is prudent to describe Wikipedia as a tertiary information resource, it is not equivalent to what is considered to be a traditional encyclopedia. That is, its content is not clandestinely produced by an elite group of experts and only made available once it is deemed as complete published encyclopedia. Wikipedia is fluid. Not only is it incomplete, it is dynamic: evolving, and expanding; thus, rendering the practice of evaluating Wikipedia's content, in any context, extraneous"

Also remember that yes, Wikipedia is 20 years old, but its prevalence in the academic sector is still young. Anecdotally, I still have yet to meet a university student who WAS NOT told by their high school teachers to avoid Wikipedia because it is not reliable. So it's been around, yes. We (Wikipedians) know it's the new model of encyclopedic knowledge. But academia is still catching up.

357 Wikipedia's content, it is a challenge to understand their value. Studies that measure the 358 quality of Wikipedia's health information seem to be asking the wrong question. Further, 359 recommendations for or against the use of Wikipedia in any context do not take into 360 consideration Wikipedia's utility.

Be direct, what is the wrong question, and what is the right question

DS: "Studies that measure the quality of Wikipedia's health information seem to be asking the wrong question. A more appropriate question would be "how can Wikipedia's health information be improved?" -- Added.

368 The first known for-credit course at a medical school for editing Wikipedia was offered by 369 University of California, San Francisco in 2013 (50),

\"The first documented record of a for credit course at a medical school\"

I led a Wikipedia editing series at the University of Washington medical school in 2011. When I did that there were a few others doing similar things. When that 2013 program began I trained Amin Azzam based on the culture of practice for medical editing in schools which already existed for this.

I guess that I am realizing that I need to write up some history because many people at many institutions contributed greatly, and I want the origin story to be Wikipedia-style normal community collaboration and not one person\'s new idea.

DS: Changed langage to "documented." You're right. There's also been a long history of editing in undergraduate education, but not necessarily as a full course. It would be neat to create a wiki timeline of Wikipedia editing in medical education that all educators who have used Wikipedia could contribute to.

369 University of California, San Francisco in 2013 (50), but the first reported use of Wikipedia 370 in a course, as a single assignment, is from 2011 and it required students to edit 371 neuroscience stub articles (71)

You might mean \"medical course\". There are probably earlier records of medical school course editing on Wikipedia, but not in academic publishing. Likewise there are earlier records of class editing. United States Public Policy in 2010 was the first big classroom initiative. <https://en.wikipedia.org/wiki/Wikipedia:WikiProject_United_States_Public_Policy>

even this followed earlier classroom experiments.

DS: changed course to "medical course"

372 education courses has crossed a number of health disciplines. Pharmacy students have 373 been asked to write content in Wikipedia as an alternative to composing pharmaceutical 374 drug monographs (70) and a gerontology instructor identified gaps in Wikipedia's content 375 on aging and assigned students the task of using their term papers to edit it (72).

Here is my own study about classroom use. If you are looking for examples of classroom engagement then this program is in its 5th year and of course this paper is Wikipedia-values oriented.

Improving the Quality of Consumer Health Information on Wikipedia: Case Series

<https://www.jmir.org/2019/3/e12450/>

DS: Thanks -- this article was selected for inclusion in the review. I cited it after this sentence 318-319: "only four discuss or propose methods for improving or adding to Wikipedia's health and medicine content(62,68--70)"

394 to UpToDate and a digital textbook

check your consistent stylization UpToDate

DS: used Find and Replace function to fix this. Thanks.

441 There is a notable trend in the assertion that one major value of 442 Wikipedia is its curated list of published articles, m

not sure what this means, clari fy please

DS: Changed to "These studies also assert that a major value of Wikipedia is its curated list of published articles, many of which are cited in Wikipedia within days, but at most months, of publication(81,82)."

Hope this helps

458 context of research focused on Wikipedia's potential role as a data source in 459 epidemiological research. Generous, e

you mentioned the Ebola study above. Maybe that is better placed here? The context of that was that the WHO did not have expertise to translate Ebola text into languages of Africa, but Wikipedia did have community of translators, and a platform to accept this language content, and the means of distribution for this information. If you want an epidemiological example then that ebola incident is the one the media picked up.

DS: I prefer to leave the reference to ebola where it is. It is actually a citation from Heilman's "evolution" article, and not a study on ebola and Wikipedia. The context of the Ebola example was to demonstrate the impact that Wikipedia Zero had during the Ebola outbreak. So, I mentioned Ebola as an interesting example of Wikipedia's global impact.

470 As promising as the research into the potential utility of Wikipedia in epidemiology may be, 471 one major limitation of using Wikipedia for outbreak prediction is often touted as one of 472 Wikipedia's strengths: a

This is a misunderstanding. Google will not talk to university researchers. Google is inhuman and like aliens far away. Wikipedia is a human project and of course we have the data to emulate Zeiger\'s Google Flu Trends project. Typical researchers can also ask for some private IP address data. Wikipedia does not share this data lightly, but whereas Google almost certainly would not share data with less than a \~300 million investment in this, the buy in for access to Wikipedia\'s data is \~1 million and commitment to act like a human while having conversations in public with the wiki community. Of course we want to do this project, and the barrier is not on the Wikipedia side of this.

DS: Thanks for pointing this out. I was under the incorrect impression that Wikipedia does not collect data about the locations of its users, period. And that data related to pageview statistics is completely anonymized. I appreciate that you've pointed out that data can be made available for research at the discretion of Wikipedia (for a price). This is something I'd like to learn more about. I have removed the following:

"As promising as the research into the potential utility of Wikipedia in epidemiology may be, one major limitation of using Wikipedia for outbreak prediction is often touted as one of Wikipedia's strengths: all global searches of Wikipedia are aggregated so searches that originate in a specific geographical location cannot be parsed from the data. Unless we can isolate pageviews geographically it will be difficult to determine a geographic location for disease outbreak."

And I have replaced it with:

"Overall, there is promise in Wikipedia for epidemiological data, but more needs to be done to develop a better understanding of its utility in this field."

489 than other free online health information sources, such as Medline Plus, and its pages 490 regularly rank highly in Google search results,

you could say Bing and DuckDuckGo, or you could say search engines. Google is not quite universal. Russia and Korea use other search engines, and lots of other countries do too. China is moving onto the world stage and probably will compete against Google in the developing world with their search engines eventually. If you generalize this paper has some more life and citability in the future.

DS: Good point. Changed.

512 within the context of health is still in the early stages of its development. Several questions 513 have not yet been asked within the literature that are instrumental in understanding 514 Wikipedia's role as a health information resource and various contexts: as a patient or 515 consumer health information resource, as a resource for medical or health students, as a 516 resource for professional in health and medicine, and as a data resource for researchers.

can you rephrase? this is long and blocky and I cannot readily see what questions you want asked and answered.

DS: Completely rephrased this to:

"While Wikipedia itself is well into its second decade, the academic study of Wikipedia within the context of health is still in young. However, its role in various contexts is apparent in the existing literature. It can be a patient or consumer health information resource, a resource for medical or health students, a resource for health and medical professionals, and a data source for researchers"

520 explaining the technicalities of genome editing and do not necessarily focus on other hotly 521 debated conversations around the topic, such as ethics (9).

Obviously the issue is that the genetics people import structured data at scale, which is relatively easy, whereas for ethics we require prose which is more difficult.

DS: Yes. Since I am reviewing the literature I don't feel comfortable making that kind of claim. I don't know enough about the project to do that.

525 data provides evidence that Wikipedia is accessed frequently, this data is insufficient to 526 understand whether its content is actually used by the consumer.

I know why you say this because everyone says this but it is totally bunk. No one holds other communication channels to this standard. Everyone assumes that doctor\'s office pamphlets and billboards and online patient guides and apps andWe have no reasonable evidence of how consumers use other sources. Suddenly when Wikipedia appears among other communication resources somehow people question whether users get impact out of Wikipedia while taking for granted that they get impact from other communication channels. It is not reasonable and it indicates a bias against Wikipedia.

You are not citing sources on this so if this is your own musing, I would prefer that this be phrased like this.

There is evidence that Wikipedia is more popular than other channels, but some critics dismiss this by saying that the value of measurable user attention to Wikipedia is less than the value of user attention to other sources. It would be useful to have a system to assign impact value consistently to Wikipedia and other outreach channels so that their usefulness could be compared.

DS: You are correct that this is my own musing and I will rephrase so that it is more palatable. This is basically what I will be doing my dissertation research on because in a field as evidence-based as health and medicine, we don't have qualitative evidence to describe how Wikipedia is used, where it fits in the learning process of patients, etc. I have rephrased to: "While page view data provides evidence that Wikipedia is accessed frequently, this data alone cannot provide insight into what usage looks like."

Figure 2

Can you label this more explicity? Perhaps you do this in the text of the article. Just looking at the image I became lost understanding the vertical access labels.

DS: I have revised all labels in the article to be more explicit.

Figure 4

You might have already described this but I missed the place. Was the classification obvious or did you use a non-obvious sorting system?

DS: I have revised the methodology section, which now indicates that I categorized articles inductively
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